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Glardia and Cryptosporidium levels were determined by using a combined immunofinorescence fest for source

waters of 86 surface water treatment plants in 14 states and 1 Canadian provinee, The resulis showed that cysts
angd gocysts were widely dispersed In the aquatic environment. Gigrdia spp. weve defected In $1% of the raw
waler samples. Crypiosporidium spp. were found in 7% of the raw water locations. Overall, Gigrdic or
Cryptosporidium spp- were dctc:t:;‘ in 97% of the raw water samples. Higher cyst and oocyst dengities were
sssociated with source waters ving Industrial or sewage effluents. Significant correfations weve found
between Giandiz and Cryplosporiditm densifies and raw water quality parameters such a#s tasbidity and total
and fecal caliform levels. Statistical modeling suggests that cyst and gocyst densities could be predicted on the
bhasis of watershed and water quality characteristics. The accurrente of high levels of Giardia cysts in raw water
samples may requive water utifities to apply treatment heyond that outlined in the Surface Water Treatment
Rule of the U.S. Environmental Protection Agency. :

To address the increasing problem of waterbarne out-  supplies. The occurcence of these organisms was related toa
breaks of disease, the U.S. Environmeatal Protection  varcely of source water characterdstics. Finally, the levels of
Agency (EPA) finalized the Surface Water Treatment Rule  cysts and oocysts in raw water supplies were evaluated
on 29 June 1989 (24), The rule requires filtration and disin-  within the context of the Surface Water Treatment Rule.
fection of all surface water Supp!it‘z‘s (criteria are also sgeci-
fied 10 determine if & system could avoid Altration technol-
agy). primarily 2 a means of controlling Giardia spp. and MATERIALS AND METHODS
enteric viruses, : _ . ) "

For gystems that filter and disinfect, the rule stipulates orSg:f‘li?::llzctgn. 'fhc r;gfc’ds for sgﬁ;:l:a::: us f::g;'sn
that utilities wauld be vequired to mect design and operating m; ted (7" ) 'gp o’fc ':;g sc%‘;h: cted § n gé suzfacz
critenia specified by the state {or other primacy agency) o aaaerntreal o }a‘;‘;’} 3 ‘s“;za: oand 1C M’:"i“ian province
ensure averall removal snd/ar inactivation of at least 9.9% o 1) Raw ‘;’ ey samplos were collected by neig 2
of Giardia cysts and 99.98% of enteric vicuses. g'l’nc.d v a‘ or P {Arkas SAIS pum %msccflc

The intent of the Surface Water Treatment Rule was to F0 00l b LR e rough 10.a. (25.4.
reduce the risk of acquiring a waterborne iafection of Giar- p I A P : . ominal
dia spp. o below an annual rateof 10~ pec pecson @), The 100 SIG) BOMPTENZRE S0 DR FVALE R (ORI
EPA has determined that one case of micrabiologically P U i ou £m P-s, P /mia (1
caused illncss per year per 10,000 peaple is a reasonable goal g;’,‘ =13 7185 13‘::;‘; '{mrgzz ::;'g a‘i’f‘:g:%i ;f :u ggldmgéo
(24). To achieve a 10" annual risk of Giardia iafection. it - flow l s placed downstream o); the filter), and approximate
has been caleulated that potable water should not cartain owmeter p Was Teal » NG ARP
more than 7 X 10™ Giardia cysts per 100 liters on the basig  /olumes of 100 gl (378 liters) were collected. Botween
of the geometric meun for 1 year {12). Therclore, the samples, the units were flushed with 30 gal (113 liters) of tap

. . ) - .
requitement far 99.9% removal by treatment plants assumes w‘inﬂ:,.o gﬁgﬁ:ﬁ? t;lf::i!g?u\:ﬁms‘:hc filter housing i
that Giardia levels in raw water arc not greater than 7 eysts oo placed in 2 Whirl-Pac bag (Nasco, Fort Atkinson i
per 100 liters, Although the rulc specifies that greater treat- g ) containing 10 ml of 37% fg ali 'I'h fillers W ore |
ment may be required for water with poor water quality, no 4 ol:f:lc-b:gtz‘:c;ufu 4 S;I?p ped 10 th :g"") mljali ory cw & ovecnight f
S:’:ozfvg::r s‘:m“g the distribution of Giardia Spp. 10 gefvery After delivery, the samples were stored at 210 5°C

In yecent years, Cryptosparidium pareum has heen recag- ang:nm;;cs;cadiwﬁ 'm'd:: 4.1‘.:: 7;:' e samples for apalysis
nized as an ageat of waterbarne discase (-6, 11, 19). The g0 P00 T0G o lengthwisg?o the plastic core by using
EPA hus proposed to include Cryprasporidium spp. in the . . imatel
fnext scdes of regulations (25), Information on the occur- g_isleglelit;‘r)gxlzi! sglb;ﬁ}s:‘:: 'Lmtgsugd fzbcrs a%wm -mg
reace and distribution of Cryptosparidium cacysts in raw 3'5?,'0_“‘1! -Capacit)lg;'lcdlc 510;0!!« bagp(a'lx‘:l?x“uarp(:o.. Cia- i
ot Plis il be necessary ta evaluste the impact of  cinpadi, Qhio) with 1.75 fies of phosphutc-buffercd salias

The b ;r"m cect i 66 surface  FBS:PH T4 containing 0.1% sodium dodecyl sulfate (SDS) ¢
water !?uer plants t’alfjf gg’iium :m?stribuﬁon af znod D"ﬁ ‘gw-‘;-ch“ %‘; (bath f:o:; Sign;f Chcmtcald(io.. SLo

S s "y . wis, Mo.). The filter material was homogenized (stoma-
Giardia and Cryptesporidium organisms in the maw water cher lab blender mode} 3500; Tekmar) for three 3-min

intervals over a 15-min period. Between each homogeniza-
——————e tion period, the filter material was hand kneaded to vedis- [
* Correspanding author, tribute the fibers in the bag. After homogenization, small
2610
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FIG. 1. Location of sampliag sit¢s within the Unilcd Statcs. [n
addition, one utilily from Alberta, Canuda, was cxamined (ot
shown). Because of the close praximity of some utilitics, a single
point may indicaie marc than one sample site.

portions of the filter matcrial were hand wrung ta vemove the
eluant water, Filter material was visually inspected beforc
being discarded to caswre that no debrs remeined in the
filter. Fibers containing debris were rewashed.

The homagenized samples were combined with the hous-
ing water and concentrated into a single pellet by centnifu-
gation (1,050 X g. 10 min, 4°C) by using a 275-ml-capacity
swinging-bucket rotar (model HS4) and a Sarvall RC-5B
refﬁ%gued superspeed centrifuge (DuPane Co., Wilming-
won, - ’

A 1-ml sample of the pellet was resuspended in 19 mi of
cluant water and sonicated for 10 min. The sample was
carefully underlayered with 30 ml of Percoll-sucrose (spe-
cific gravity, 1.20: Sigma) flotation mediune and centrifuged
at 1,050 X g for 10 min. The Percoli-sucrose gradient was
prepared by following the instructions of the manufacturer
{18) and stared at 2 to 5°C. The solution consisted of 52.6 ml
of Percoll (specific gravity, 1.13), 10 ml of 2.5 M sucrose
sojution, and 37.4 ml of water. The specific gravity of the
solution was checked by use of a hydrometer at 2 to 5°C. The
Percoll-sucrose solution was wiaintained at 2 10 5C through-
out the experiment. .

The top water layer (contuiping cysis) and S ml of the
Percoll interface were drawn off, diluted 10 50 ml by using
elution water in a conical centrifuge tube, and recentrifuged
211,050 x g for Y0 min, The supermatant was siphoned off 10
a volume of S m! (plus pellet) and vortexed.

Labeling pracedure, Sample concenirates along with pos-
itive controls (supplied by Meridian Diagaostics Inc., Cin-
cinnati, Ohin} and sterility controls (i.c., clution water,
Percoll-sucrose, cte.) were pipetted directly anto prewetted
25-mm cellvlose acetate filters (0.2-pm pore size; Sartorjus
Inc., Hayward, Calif.) in the stainless-stee! wells of a Hoefer
manifold (Hocfer Scientific, San Francisco, Calif.). To en-
sure even diswibution of sample, 2 25-mm Purapore HVLP
filter (0.45-pm pore size; Millipore Corp., Bedlond, Mass.)
was used under the cellulose acetate flter. Sample volumes,
typically 0.1 1o 6.5 ml, were used to provide a monolayer of
marerial on the filter surface. The sides of the filter upits
were rinsed with SDS-Tween-PBS to ensurc that all oqgan-
isms were deposited on the filters. Vacuum was maintained
@ 3.0 to 5.0 in. Hg (ci, 76 10 127 mm He: 100 mm Hg =
133.322 Pa) by using a bleedér valve on the vacuum system.

Manoclonal antisera specific for Giardia and Crypraspo- -

ridiurn spp., developed by C. R. Sterling (20, 21) and
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distribvied by Meridian Diagnostics (Hydrofluor-Combo
kit). weve diluted 1:10 with PBS. The combined antisera (0.5
ml) were pipetted and allowed to contact the entire filter for
25 min. Labeling reagent (0.5 ml of fluorescein-labeled
anti-murine imeunoglobmlin, also part of the Hydrofivor-
Combo kit, was added 1o the fiiters and allowed to react for
25 min. During the contact Ume, individual wclls were
covered with a no. 6 stopper to prevent dehydration and
crystallization of the fluorescein isothiocyanate dye. Be-
tween and after the reagent udditions, the filters were rinsed
with PBS.

Micrescopic examination. Filters were dehydrared with an
alcohol senies (10, 20, 40, and 8§0% ethanol-5% glycerol) and
rinsed twice with a 95% ethanol-5% glyceral solution (16).
Filters were placed on prewarmed microscope slides and
cleared by using a 2% 1.4-diazabicyclo[2.2.2)octane (Aldrich
Chemical Co., Mitwaukee, Wis.}-in-glycerol solution, The
coverslip was scaled by using clear nail polish and examined
at 300X magnification by epifluorescent micrascopy with an
Olympus BH-2 rescarch-grade microscope equipped with 2
100-W high-pressure mercury lamp, a B-G dichroic mirror,
up EY-455 exciter filter, and a PM-10ADS automatic pholo-
micrographic system. The microscope wag equipped with a
modified BH2-NIC attachment {with phase annuli for 40
and 100x objectives) for phase-contrast and Nomarski dii-
ferential interference contrast (DIC) microscopy.

Giardia spp. were identified by the cyst size (6 (o 16 pm)
fluorescence, and characterstic shape. Cysts were deter-
mined (0 have viable type morphologies (hyaline appearance
and a peritrophic space) by use of the criteria of Schupp and
Erlandsen (17) by DIC microscopy. It was found that fixing
the cysts with 1 ta 2% formalin preserved the moarphological
structures during sample processing.

Cryptosporidium spp. were defermined by Rporescence,
siz¢ (3 to 7 pm), shape, and surface texture (indicative of a
sphere). The presence of sporazailes ar a densely packed
cytoplasm within the oncysts was observed by either phase-
contrast or DIC microscopy. In some oacysts, densely
packed cytoplasm made it difficult to distinguish the sporo-
zoites. Because it was not possitle (o be certain that these
afganisms did not confain sporozojtes, they were considered
10 be potentially viable.

Densities of parasites were reported in numbers of organ-
isms per liter for surface water and backwash samples and
numbers of organisms per 100 liters for tap water samples,
When parasites were not detected, the parasite lovel was
reported as less than the detection limit. Unless stated
differently, values ure not adjusted vo reflect recovery effi-
ciencies. Previous evaluations showed that the immunofli-
orescence procedure uscd had average recavery efficiencies
of 48% far Giardia spp. and 42% lor Cryptosporidiam spp. in
taw waler samples contaiing 150 nephelometric turbidity
units (8).

Water quality duta. Additional watcy quality data {e.g.,
coliform counts, turbidity levels, disinfectant residuals, etc.)
were pravided by the participating utilities. ANl analyses
were performed by statecertified laboratories and con-
ducted according to accepted procedures.

Statistics. Statistcal analyses were performed on logarith-
mically wansformed data by use of the Statpack statistical
package (Northwest Analytical, Portlind, Oreg.).

BESULTS AND DISCUSSION

Distribution of cysts and oacysts In wader, The rosults of
this study found that Giardia and Cryptosporidium spp. were
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TABLE 1. Summary of Giardia undt Cryptosporidium resuits

AreL. ENVIRON. MICROBIOL,

TABLE LCuntinued

- No. ofo;pnism No. mt‘-&:isms
per liler .
Sz Stacof Treatraent Date St Swteor ———————— Ticatment
(ﬁbmm code  province oo ‘%% goal® (day-mo-yy  cadc  provinee  Gooen ‘gmm ' ool
cysts oacysis cysts QACyy
g 102 NJ. 6.22 3.96 39 20 Mar S0 109 Coupn. <048 <0.48
1: ﬁ:: 889 &S . 5.87 74.85 5.34 20Mar® 39 W.Va l.(‘)g g‘S‘g 22
18 Jan 89 6 1L 2438 438 5.96 27 Mar S0 404 gn ]'17 0‘66 5'80
24Jn8 40 Pa. 1373 1383 - STl 9 Apr %0 307 2, 17. ? 66 5:80
Amd® 4% Pa 12 898 4.69 GApr% 307 Pa 17.1 g. 5 i
7Feb83 S04 Tenn. 16.51 19.81 57 MApr9 63  Ind. 12.38 . gg 566
14 Feb e 703 Calif. <051 3408 23Apr90 307  Pa, ig.:: %ng in
2z Feb 89 306 Pa 0.04 0.07 3.26 23 Apr 90 347 Px.v S <°-13 o
27Feb8® 306 Va 1737 1086 5.51 1Mays0 319 W.Va . : B
7Mar8e 3Md Fa. <0.79 236 BMay 90 409 Pa. 302 <0.92 X
WM 307 Pa 3012 <199 .05 §May90 S4  Tena. 0‘23 g.';g ﬁg
22 Mar89 3098 Conn 0.84 0.84 4.50 1§ M_ay 99 31(21 Pa. ] 2.30 9.91 5.09
1LApE 322 Fa 1.00 0.92 4.51 15 May 90 & lo“{? 1.59 0.79 4.‘”
17Apr8®9 3126 Fa 8n 12,36 551 2 M?y 90  S18 W.Va. 8 .30 14-80 5.14
17 Apr89 31 Fa, 8.72 12,36 $.51 30 May 50 5 . 8‘05 0'05 3.25
25 Apr§9 616 Ohio 0.96 1442 4.58 S 406  Pa as a0 Py
{1 May 89 5312 W.Va, 1.90 4.76 4.8 S Jun 90 si2 g‘;Va. <g - e .
9May89 Il NI <1.80 361 Rlun9 19 nn. .22 @ »
23 Mey 89 08 Pa, z% g.gfzi 5.42 12 Jun %0 517 WV L . X
LMy S 5 Ot i ) - st mber of Giardia cysta
6Jun8® S13  W.Va 1433 <358 8.7 wor ?ﬂ?‘:ﬁiﬁ;‘:‘ m l;v ;gug;n: m Wm«;t vi‘bmcr“d
13 Jun 8 310 Pa. 1.48 0.59 &1 determining the logasithmic difference between number of Giardra Cyits per
Z7jund 68 W <367 1467 Hiter asid 007 Cyst per 100 fiters, Calculiions werc vot performed whare n
21 Jun 89 615 Mo. «<241.98 484.27 Giavdia otpAmisMY wets detected.
1l 605 m 6.07 59.19 335 4 Ab., Alberts, Canada.
1BIIZ 514 WVa. 0.37 0.55 44
25 Jul 89 311 Pa. 1.85 i'g‘s) 4.84
1} ﬁ: gg igi PK: :gig 1.06 widely distributed sisn(glw, ;:;vkomcut, Giar:lia spp. wclr)c
22 Aug 89 S Tenn, 1.06 211 4.59 detected in 69 of -2%) raw water samples (Table 1).
o Mgw S08  W.Va. 0.32 L16 4.07 The geometric mean of (detectable) Giardia spp. was 2.77
SSep8 402 P 0.22 154 3.9 cysts per liter, with levels ranging from 0.04 to 66 cysis per
U SepBy 303 Md 3. 1.08 5.08 liter. These data are comparable to results from a number of
19589 618 Ohio 1.06 2.83 4.60 investigators who found Giardia levels ranging from 0.006 to
25SepB3 307 Fa, o 045 480 6 cysts per liter (1, 9, 14, 15, 22). Reasons for the higher
008 S Wva D8 <Ol 4R ke of Giardia counts include differences in sample Sites
g &:23 465 gi 012 <012 1.66 (most of the previous studics were conducted in relatively
I OctB9 610 Ind. 48 <120 5.25 pristine waters) and recovery efficiencies due to different
2l NovE9 516  W.\Va. 4.01 118 5.17 methodologies. Boutros (2) detected presumptive cysts in
27 Nove® 611 Ind. <0.2% 0.85 38% of SO surface water supplies in Pennsylvania which had
12Pcc8d 37 Pa 10.58 192 5.59 proviously been shown to be Giardia positive.
1D 60 (1N a.88 7.93 4.52 Cryprosporidism spp. were found in 74 of 85 raw water
18DecEY 4 Pa L8 020 AR oaeane (RTE), with levels ranging from 0.07 to 48¢ ocysts
Bhealy o8 o g:;g I'ig z% per liter (Table 1). The geometric mean of (detectable)
§§“" ﬁ ﬁ(’,i %‘VO{; &6 oi é'm 6.39 Cryptasporidium levels was 2.70 oocysts per liter. The
9 ;23 80 303 Pa & 0.16 0.04 77 Cryptasporidium levels found in this study were comparable
Whaeot 200 Ab° 4% 0.34 5.26 to the results of other investigators. Rose (11, 14) veported
16Jan 90  $02 Ky. <3.58 2146 that 77% of 107 samples from the western United ch.;
16Jan90  S02 Ky. «<].54 154 contained Cryptosporidiurn oocysts. Geometric means o
6Jaa%0 612 Ind. 7.82 1.42 5.46 Cryprosporidium levels ranged between 0.91 and 28 cocysts
Blagn 315 I <02 <02 per liter {14). Ongerth ang Stibbs (10) estimated that Cryp-
Bimd 44 TFa 2.64 1.98 49 tosporidium levels in several western Washington and Cali-
’? s B Tem 3.8 13'2 S fornia rivers yanged between 2 and 112 oocysts per liter,
5 E‘t g ggi ;!:IL <§S $.29 5.29 Oocysts were detocted in all of the river water samples
SFepoo &6 O 5.29 5.29 50 examined. Boutros (2) detected presumptive Cryprosparid-
19Fbo0 605 . 27 27N 5.67 ium spp. in 707 of the 50 surface water supplics in Peansyl
19Fet90 605 WL 2.7 10.83 .00 vania. Cryptasparidium densities ranged fram 0.002 to 4.49
19Fch90 606 <IN Tl 10.83 5.00 aacysts per liter.
Z7Febs0 201 NI 17.16 1.52 5.80 Overall, Giardia or Cryptosporidium spp. or both were
W Fehon 307 Pa. 20.91 1.65 5.49 detected in 97% of the surface watcr supplies. Cryprosparid-
B Fcb0 703 Calif, <0.19 0.38 iwm spp. averaged 1.5 times more pumerous than Giardia
Continued  spp. (Fig. 2). There was a significant correlation (r = 059, P
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FIG. 2. Relationship between  densities of Cryprosporidivm
oacysts and Giardia cysts in susface water. Regression line: y =
Q.667(x) + 0.104; r = 0,585, P < 0.03. .

< @.01) berween cyst occumence apd oacyst ocouTEnce.
These results are consistent with the findings of other
sescarchers who reported that Cryplosporidium spp. are
gencrally found in higher densities than Giardig spp. (13, 18):
Rose «1 al. (13) fopnd a significant correlation 7, = 0.778, P
< 001, n = 39) between Cryptosporidium and Giardia
occurrences withis a single watershed.

Estimate of viability. Because Giardia and Cryptosporid-
iurn spp. were frequently detecied in surface water samples,
it was important to determine whether the oganisms wete
viable, Unfortunately, therc are no refiable methads to
determine the viability of individual cysts or oocysts ob-
scrved in environmental samples. Viable type cysis {Cysts
with a hyalinc appearance and a perilrophic space) were
determined by using DIC microscopy by the procedures of
Schupp and Erlandsen (17). Cryptospatidium spp. with
sporozoites observed by eittier phase-contrast or PIC mi-
croscopy were considered potentially viable. The determi-
nation of viable type morphologies by using microscopic
methads is bropd and likely overestimates cyst and oocyst
viability. However, the method is best thought of in terms of
determining cell mortality. A viable type morpholagy does
not imply that the organism can excyst or infect animals:
rather, a cyst that daes not have a viable type morphology.
ie., onc that has a distorted or shmoken cytoplasm, is
probably dead. Because waler trealment practices are de-

108
{nfatect
ximited
A=Ay
) L
d 10" 56&“! [
a ¢ H t
5 N .
E 1 ' -
o 10°; s . i
3 L
} .
a
10t ey v 5
] 2 3 4 5 6

FIG. 3. Relationship between Giardia cyst densitics and source
water pratection. Key: 1, pratected warershods; 2, warersheds with
limited moross; 3, recreational use; 4, agricultural use; 5, scwage
discharge; 6, industrial-urhan discharges.
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FIG. 4. Relationship betwean Cryprosparidivm oocyst densitics
and sourcc waler protection. The key is the same as showy in the
legend 1o Fig. 1.

signed to kill pathogenic organisms, cysts and oacysts foynd
in potable water supplies should clearly be popviabie. Con-
trol experiments showed cysts last viable type morphalogies
when exposed to a free chlorine residug] (data not shown).

Observation of 618 Giardia spp. in raw samples showed
that viable type marphologics were seen in 12.8% of the
semples. Approximarely 32% of the 242 Cryprosporidium
spp. observed in yaw water samples contained sporozoites
within the oocyst. These results suggest that the majority of
cysts and oocysts obscrved in the samples were not viable.

Relstionship between parasites agd saurce type, Plant op-
crators were asked %o evaluate the degree of watershed
protection for the source waters. Higher oyst and oocyst
densities were dssociated with source waters roceiving in-
dustrial or sewage effluents. Dara shown in Fig, 3 indicate a
progressive wmcrease in Gigrdia levels in waters with de-
greasing watershed proiection. On average, water receiving
industrial {urban} pollution contained 10 times more Giardia
organisms thaa protected watersheds, For purposes of tab-
ulation, if 8 watershed received pollution from multiple
sources, it was given the highest rating (i.¢., water receiving
agricultural, sewage, and industrial efffuents was tabulated
as industrial).

A less<clear relaonship between source water profection
and oocyst ievels existed for Cryplasporidium spp. Figure 4
shows no significant difference in oocyst levels between
protecied watersheds and those receiving sewage treatment

10*

10!.

Giardla /L

10°

qn

10 ~r
10 100 1000
Fecal Coliform /100 mi

FIG. S. Relationship between fecal coliform count and Giardia
gyosx deqnsities. Regression ine: y = 0.213(x) ~ 0.99%: r=0.702, P <
.01,
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FIG. 6. Relatdonship between fecal coliform count and Crypto-
sparidiumcocyst deasitics. Regression line: y = 0.292(x) — 1.03i r=
0.383, P < 0.05.

plant cffluents. Qocyst levels assaciated with sites receiving
industrial (urban) sources of pollution were approximately
10 times higher than in protected sites. Rose (13) reported
Cryptosparidium levels 10 to 50 times higher in waters
receiving sewage or agricultural pollution vhan in pristine
waters.

There is & growing consensus amang researchers that
clevated Giardia levels are due to introduction of sewage
effluents, while elevated Cryprasparidium levels may be due
to input from nonpaint sources (23). The cumeat research is
conststent with .this hypothesis. The implication of these
results is important for the water indusiry as o raises
caneerns about the adequacy of disinfection practices at
sewage treatment plants. Of particular concern is the prac-
tice of seasonsl disinfection, where inactivation of organisms
in sewage ®fffucnits is discontinued during winter mooths
when cold water conditians favor cyst survival in treatment
processes, While watershed control of point sotirce poliution
wmay aid @ reducing Giardia levels, it is unkaowa whether
these prattices will be reliable for controlling Cryntosporid-
fum levels. Additional research is necessary 1o evaluate the
impact of watershed management programs on Cryplospo-
ridium occurvence.

Consisrent with the findings shown i Fig. 3 and 4 was the
observation that the highest Giardia levels were defected in
rivers and crecks. In many cases, these rivers and creeks
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spuridium oocyst densitics. Regression line: y = 0.428(x) + 0.675;
= 0.541, P < 0.01.

also received sewage and industrial effiuents, The highest
parasite densities for both Giardia and Cryprospoaridivm spp-
were found in midwestern rivers (i.¢.. Mississippi, Ohlo,
Missouri). Crypeasporidium levels in these major civers
ranged from 10 to 484 oocysts per liter.

Relationship between pavrasites and water quality. Data
prescnted in Fig. 5 to 10 show pesitive relationships between
Giardia and Cryptosporidium densitics and raw water qual-
ity parameters such as turbidity, total coliform levels, and
fecal coliform densities. A significant relationship was ob-
seyved between Giardia densities and levels of fecal coli-

- forms (r = 0.70; Fig. 5) and total coliforms {r = 0.66; Fig. 7).

For both relationships, Giardia densities increased approx-
“mately 1 logy, for every 1.6 log,q increase in caliform levels.
Cryptosperidiam densities showed a significant correlation (r
= 0.75) 1o raw water turbidity (Fig. 10). .

These results are somewhat different from those fouund by
Akin and Jakubowski (1} and Rose et al. (13). These jnves-
tigators found no correlation between deusities of Giardia or
Cryptosparidium spp. and total or fecal coliform cbunts or
turbidity. One rcason for this discrepancy may be due to
differences in the type of water samples analyzed. Most of
the previous studies have examined relatively pristine wa-
ters, while the current study examined a wide variety of
source waters. For example, Rose et al. (13}, in their study,
repovted maximum total and fecal coliform counts of 286 and
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FIG. 9, Relationship between turbidity und Glurdia eyst densi-

1jes. Regression line: y = 0.497(x) — 0.045; r — 0.443, P < 0.01.
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57 bacterta per 100 mi, respectively. In this study, maximim
total and fecal coliform counts were 1 ¥ 10° and 3 x 10°
bacteris per 100 mi, respectively (Fig. 6 and 8). By ¢xamin-
mg all of the studies, it can be concluded that increasing
levels of poltution (signaled by high counts of total and fecal
coliform bacteria and high turbidities) represent an incregsed
probability that Giardia and Cryptospondium arganisms will
be present at elevated densities.

Statistical model$. It was of interest to combine all of the
raw water parameters into a model which could be used to
predict Giardia and Cryptosporidium levels in water sup-
plies. If such a model could be developed, it would be nseful
for predicting the level of treatment required for a particular
water supply. Results shown in Table 2 indicate that 49.1%
of the vanation in raw warter Gigrdia levels conld be pre-
dicted by the levet of watershed protection, raw water Tota)
caliform connt, and turbidity. Figure 11 demounstrates the fit
of the actual data to the predictive model. In cerfain cases
the model exactly prédicted peak Giardia levels. A similar
maodel was developed for Cryplosporidium spp. (Table 3;
Fig. 12). It shows that S1.9% of the variation in Cryptaspo-
Hidium levels caild be accounted for by the level of water-
shed pratection, the type of water supply te.g., river, lake,
Ieservoir, ete.), raw water total coliform count, water tem-
gieraturc, pH, and dverage manthly turbidity. Both models
were statistically significant (P < 0.01) and showed trat
parasite densities can be comrelated to water qualily param-
elers, )

One of the most important pataineters in cach model was
the leve] of watershed protection. This variable was assigned
a aumerical value according to a description pravided by the

TABLE 2. Muitiple linear regression model for Giardia spp.*
t Sundud  Caner.

Paramerert Cocicient  SE statistic  cocficient
(og Giardiu spp. =
Tntercept 06933 02339 3,047
Protect 01682 0.0450 3738 0371 0l
Coli S34e-5 LS0ed 347 0337 0107
NTu 00046 00013 314 0316 0,094

* The eorpected r for 0.49) was 0.464: the F resy was 1K.63K,

* Pratect, cade for she tevel of wirershed pratection: Coli, torxl caliform:
NTU, tuxbidity (nephelomeiric tuebity unies). Total degooes of freedom (4l ia
9.
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FIG. 11. Comparison of acwal Giurdia cyst data and the mulfiple
lincar regression model.

water utllity: In some cases, the judgmens was purely
siibjective. For example, several utilities afong the same
viver gave differing assessments of the level of watershed
protection (these assessments were reviewed and correct-
ed). However, future experiments should measure morc
objective assessments of scwage contamination (fecal coli-
form, ammonia, sitrate, phosphate, chlorophyll g, ete.). In
this study, fecal coliform data were collected (Fig. 7 and B},
but data were available fram only one-fourth of the water

utilinics.

Evaluation of freatment goals. Rose (12) estimated that &
1/10,000 annual risk of Giardia infection wonld yesult fiom
an exposure 1o an annual geometric mean of 0,0007 cysts per
100 liters. Depending on the 1ével of contamination in the
raw waier supply, utilities will have to apply treatmeént to
achieve a geometric mean of ~<0.0007 cyst per 100 liters in
finished water. Insufficient data prevents the development of
a similur risk model for Cryprosporidium spp.

To calculate the amount of treatment required to reach the
Giardia risk assessmeut goal, raw water values were ad-
Justed for the meathod recovery efliciency (4896) and for cyst
viability {13%). Overall, it is estimated that the average
utility will have to apply 5.0 log;, remaval and/or inactiva-
tion to achicve an annual risk of Giardia jnfection of <1/
10,000 (Table 1). I oaly the most pristine situationg, where
raw waler counts were <0.07 cyst per liter, would a utility
require only a 3 log,, remaval of Giardia spp.

Moreaver, uulities should treat for the peak Giardia
occurrence in the watershed. A spike of Giardia cysts after

TABLE 3. Muliiple linear regression model for

Cryprasparidium spp.*
. ¢ Stapdard  Caner,
Parameter” Cocflicieat  SE slavistic  coefficient
{og Crvprosparidium
spp. =

Intercepr -1.6704 1.2283 ~1.363
Type -0.3164 0.1032 -2.117 0216 0.038
Protect Q1278 0.0570 2.3 0,266 0.042
Coli 1.87¢-$ S. 706 3.226 0.309 0.088
Temp -0.0J3FT 0.OMD2 1,422 -0.340 0.017
pH 02742 0.1673 1.638 0.182  0.023
MNTU v 0.0432 0.0016 1.849 0.199 0,032

“ The correcred  {or U519 was 0.46R: the F test was 10.237.
* Type. code for waier type (ie.. river. take, crc.): Protect. code for the
fevet of winienihed pratection; Cali, totat volifonmx: Temp, waler tempemtury:

MNTL. averige monthly webidity tnephelomerric yuebity units), Tota) dcgrcc-
of frecdywm (ul is 63,
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a rainstormn cvent or a breakdown im upslream scwage
wreatment could overwhelm potable water barriers and result
in waterborne disease. Protectinn of watersheds used for
potable water, proper haadling and cantinuous treatment of
sewage cffluents, and vigilant monitoring are required 1o
control the occurrence of cysts and cocysts in source
waters. Clearly there is a aced for utilities to perform
evaluations of raw water parasite levcls to determine the
appropriate level of treatment.

Additional research is needed to develop reliable methods
for determining cyst and oocyst viability. Studies shouid also
he performed to evaluate the virulence of cavironmental
cysts and oocysts. Such information is critical to determine
the significance of, and develap appropriate yegulation for,
waterbame parasites,
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